The supplementation of concentrates, irrespective of their type, increased the average rumen ammonia-N and total concentration of volatile fatty acids (VFA) and decreased the molar proportion of acetate. Inclusion of concentrates in the diet had a negative effect on the digestibility of cell wall constituents. The production of microbial protein and the efficiency of microbial protein synthesis were not affected by the diet. It appears, therefore, that the supply of nitrogenous constituents for rumen microbes through ruminally degraded protein was adequate in silage feeding, and that no extra benefit, at the utilized level of application, was gained by the supplementation of any of the concentrates.
Introduction
The rate of live weight gain (LWG) in growing cattle is usually improved by the inclusion of concentrates in grass silage diets owing to the increased energy intake (Thomas et al. 1988,Lampila and Micordia 1990) . In some experiments (Hakkola 1985 , Huhtanen et al. 1985 , JokiTokola 1989 , Aronen and Vanhatalo 1992 .) a partial replacement of cereal grains by protein feed has had a positive effect on LWG, while in others the effect has either been small (Aronen 1991) or nonexistent (Huhtanen 1989 , Aronen 1990 .
The improvedLWG may have been related either to an increased uptake ofamino acids or to improved digestibility of the diet and thereby increased feed intake. In regard to grass silage intake, somewhat contradictory results have been obtained. Huhtanen et al. (1985) , Steen (1988) , Aronen (1990) and Moloney (1991) did not find any changes in voluntary grass silage intake when pro-tein supplements were included in the diet, while Hakkola (1985) , Aronen (1991) , Aronen and Vanhatalo (1992) and Aronen et ai. (unpublished) recorded a significant increase in grass silage intake.
It has been suggested that the positive effects of protein supplements on grass silage intake may have been related to the supply ofpreformed amino acids or peptides to rumen microbes (Oldham 1984) . On the other hand, protein supplementation may enhance silage intake not only through its effect on digestion in the rumen, but also through an increased amount or improved balance ofamino acids flowing to the intestines (Oldham 1984 , Hunt et al. 1989 .
The aim of the present experiment was to study the amounts and proportions of the nutrients absorbed from the gastrointestinal tract as influenced by concentrates addedto grass silage fed to growing heifers. Furthermore, the aim was to investigate whether the positive effects of protein supplements on grass silage intake are mediatedby a stimulation ofrumen microbes and by the thereby improved digestibility of dietary fibre and/or by an increase in the amount of nonammonia nitrogen (NAN) flowing to the intestines. Due to their central role in cattle feeding, rapeseed meal (RSM) was chosen as a source of vegetable protein and meat and bone meal (MBM) as a protein of animal origin.
Material and methods

Animals and their feeding
Four growing Finnish Ayrshire heifers (initial live weight (W) 197 kg), each with a rumen cannula and a simple T-cannula inserted in the proximal duodenum, were used for a digestibility trial designed as a 4 x 4 latin square. The heifers were fed 70 g DM kg'
1 W°7 5 in two equal meals at 12 h intervals. The four diets were composed of grass silage alone (S); grass silage and barley (SBU, 50:50 on a DM basis); grass silage, barley and a RSM-based protein concentrate (SBR, 50:40:10) ; or grass silage, barley and MBM -based protein concentrate (SBM, 50:40:10 The grass silage was prepared on 5-7 June 1989 from a first cut of cocksfoot-timothy (Dactylis glomerata-Phleum pratense) grass harvested using a flail harvester. It was ensiled in a bunker silo with a formic acid based additive (80 % (w/w) formic acid, 2 % orthophosphoric acid), applied at the rate of 5 1/t.
Experimental procedures and analytical methods
Each experimental period lasted 21 days with a 12-day adaptation period. When changing the diets, the change in the rumen environment of each animal was accelerated by transferring 15 litres of the rumen contents from the animal previously fed that particular diet.
Representative samples of the feeds were collected at regular intervals throughout each period and pooled for subsequent analysis. The flow of dietary constituents at the duodenum was determined by using the graphic alternative of Faichney's (1975) double-marker method (McAllan and Smith 1983) . Cr-mordanted straw and LiCo-EDTA, prepared as described by Uden et al. (1980) , were used as markers.
For the assessment of the overall digestibility of the diets, using acid-insoluble ash (Van Keulen and Young 1977) as a natural marker, faecal grab samples were taken from day 13 to day 17 when feeding the animals. Calculations of duodenal nutrient flows were based on the amounts of Co and Cr excreted in faeces. Microbial N flow at the duodenum was estimated using purine bases of nucleic acids as markers. To prepare a microbial sample, three samples were taken from the rumen content on day 20 just before feeding, and 4 h and 8 h after feeding.
Administration of markers, sampling and handling of duodenal digesta, preparation of microbial samples and rumen fermentation measurements were carried out as described by Vanhatalo et al. (1992) , but for the assessment of the liquid outflow rate from the rumen, only rumen liquid samples were used.
Ruminal degradation of grass silage was determined as described by Vanhatalo et al. (1992) and that of barley and RSM-based and MBM-based concentrates as described by Aronen et al. (1991) with the exception that the incubation periods for grass silage were 3,6,12,24,48,72 and 96 hours and for concentrates 3,6, 12, 24 and 48 hours. Degradability of crude protein (DEG) was calculated according to orskov and McDonald (1979) using a rumen outflow rate (k) of 0.08 as suggested by Hvelplund and Madsen (1990) and making a correction for microbial contamination in grass silage samples in accordance with MichaletDoreau and Ould-Bah (1989) .
The methods used in all the chemical analyses are presented by Vanhatalo et al. (1992) .
Calculations and statistical analyses
The liquid dilution rate from the rumen was calculated as the slope of regression of the natural logarithm of the Co concentration against time after a single dose ofLiCo-EDTA into the rumen. an error term for testing the main effects A, P and T.
The differences between the treatments were tested by using orthogonal contrasts. The treatment comparisons were S vs SBU, SBR, SBM; SBU vs SBR, SBM; SBR vs SBM.
Results
Feeds and feed intake
The palatability of the feeds was found to be good and only some refusals were recorded for one of the animals on the SBR-diet and for another on the Sdiet. Grass silage was of good quality with a rather high protein content (Table 2) . Also the protein content in barley meal was high. The rumen degradability of protein was similar in RSM-based and in MBM-based concentrates (Table 2) , whereas both in silage and barley it was higher than in RSM-based and MBM-based concentrates. 
Rumen fermentation
Rumen fermentation parameters are given in Table   3 and the diurnal fluctuation of rumen fermentation is illustrated in Figures 1 to 3 . Inclusion of concentrates in the diet was followed by a decrease in rumen pH. Supplementation with concentrates, irrespective of their type, increased the average rumen ammonia-N concentration. Also the curve pattern of ammonia-N concentration tended to differ (P<0.10) between the treatments; the highest values after feeding were recorded for the SBUdiet, but at the end of the feeding interval the highest values were found with the SBR-diet. Inclusion of concentrates in the diet increased (P<0.05) the total VFA concentration. However, the differences in total VFA concentration between the SBU-diet and the other two supplemented diets were insignificant. This was also the case in the molar proportions of individual VFAs; differences were observed only between the supplemented and unsupplemented diets.
Digestion of organic matter and fibre
There were some dissimilarities in the OM intake between the treatments (Table 4) . Neither these nor the differences in the amounts of OM entering the duodenum were significant. On an average 0.560 of OM was apparently and 0.704 truly digested in the rumen. An average of 0.905 of digestible OM had been truly digested before the small intestine. The content of fibre components, in terms of NDF and ADF, was highest in grass silage, which was reflected in a higher NDF and ADF intake in the S-diet than in the other diets (Table 5 ). The inclusion of concentrates in the diet, irrespective of their type, impaired the total tract digestibility and ruminal digestion of diet NDF and ADF. The difference in digestibility of diet NDF and ADF between the total tract and the rumen was of no practical importance.
Disappearance of grass silage DM from nylon bags
Disappearance of grass silage DM from the nylon bags was not significantly influenced by the diet. However, the highest values were recorded for the S-diet (Figure 4) . 2) Differences between treatment comparisons were not significant. 
Digestion of nitrogen and liquid dilution rate
The flow of N in the digestive tract is presented in Table 6 . The amount of total N entering the duodenum tended to be higher in the S-diet than in the other diets. Also the amount of ammonia-N entering the duodenum tended to be higher (P<0.10) in the S-diet. There was no significant difference in the amount of microbial N at the duodenum between the treatments. In the S-diet the flow of feed N into the duodenum was greater than in the other diets (P<0.05). There were no differences in the amount of N voided in the faeces, or in the apparent digestibility of N. The efficiency of microbial protein synthesis was not significantly affected by the diet. The liquid dilution rate was highest in the S-diet, while the differences between the other diets were not significant (Table 6 ). 
Discussion
The decreased ruminal pH resulting from concentrate supplementation was found in the present study to be related to the higher total VFA concentrations in the rumen. The lowest pH values were recorded for diets containing RSM and MBM, 4 and 6 hours after feeding, respectively. However, these values, being slightly below pH 6, were higher than the critical value of 5.5 for normal rumen functioning (Kaufmann et al. 1980) .
In agreement with Vanhatalo (1991) , the proportion of acetate in total VFA decreased when the grass silage diet was supplemented with concentrates. Analogous to observations by Huhtanen (1987) , the proportion of butyrate in total VFA increased when barley-based concentrates were included in the diet.
The molar proportions of valerate and iso valerate increased as a result of concentrate supplementation. Isobutyrate and isovalerate are derived from the deamination of the branched-chain amino acids, valine and leucine. In the experiment by Hussein et al. (1991) , the replacement of fish meal with soyabean meal was followed by an increase in the proportion of isobutyrate and isovalerate, which reflected the higher mmen degradability of soyabean meal. Therefore, the results obtained in the present experiment may indicate that a smaller amount of amino acids was degraded in the rumen in the S-diet compared to the supplemented diets, or that the incorporation of amino acids in the microbial protein synthesis in it was larger.
The average ruminal NH 3 -N concentration was lower for the S-diet than for the supplemented diets, which is inconsistent with the high rumen degradability of grass silage N measured by the nylon bag technique. On the other hand, the degradability of feed N in vivo was lower for the S-diet than for the other diets.
The lower rumen ammonia concentration in the S-diet may have been due, in addition to the lower N intake, to the more efficient capture of rumen degradable nitrogen. It is also possible that the higher rumen pH with the S-diet had encouraged extensive absorption of NH 3 -N from the rumen (Rooke and Armstrong 1989) . As suggested by Huhtanen (1988) , a larger number of protozoa in the rumen with the concentrate-supplemented diets, and the resulting increased recycling of N in the rumen, may have caused an elevated concentration of rumen ammonia. A higher NH 3 -N peak after feeding with the SBU-diet compared to the other diets reflects the high degradability of urea N. For optimal microbial growth, minimum rumen NH 3 -N concentrations of 3.6 -5.7 mmol f 1 should be maintained (Satter and Slyter 1974). According to Rooke et al. (1985) , the synthesis may be impaired ifthe level of NH 3 -N remains lower than 3.6 mmol I' 1 for longer periods. In the present experiment the NH 3 -N concentration remained below 2.2 mmol I* 1 for three to four hours at the end ofthe feeding interval in the S-diet. Nevertheless, the production of microbial protein and the efficiency of synthesis was highest in the S-diet. This finding is supported by Bowman and Asplund (1988) , who state that the low levels of ruminal NH 3 -N (2.2-4.3 mmol I 1) in sheep did not limit the microbial protein synthesis.
Another aim of the present experiment was to investigate whether the positive effects of protein supplements on feed intake are mediated by the increased microbial activity and the thereby improved digestibility of dietary fibre (Nocek and Russell 1988) and/or by an increased amount or improved balance of amino acids flowing to the intestines (Oldham 1984 , Hunt et al. 1989 .
No significant differences in the apparent digestibility of OM in the rumen or in the total tract were noticed between the diets. However, the inclusion of concentrates in the diet had a negative effect on the digestibility of cell wall constituents. The lowest pH values during the feeding interval in the present experiment were higher than the critical values proposed for normal rumen functioning by Kaufmann et al. (1980) . They were, however, lower than the critical pH values (6.0 -6.1) for fibre digestion proposed by Mould et al. (1983) . Therefore, the decreased digestion of fibre components in the supplemented diets may have reflected impaired cellulolytic activity in the rumen.
The differences in fibre digestion between the diets may have originated from the differences in diet fibre composition and potential degradability, too. This possibility is supported by the finding that the disappearace of grass silage DM from the nylon bags incubated in the rumen was not significantly affected by the diet. The central role of the rumen in fibre digestion was reflected by the observation that practically all NDF and ADF digestion took place in the rumen.
No differences in the digestibility of fibre components between the various concentrate-supplemented diets were found in the present experiment. There was no significant difference in grass silage DM disappearance from the nylon bags, either. Most of the experiments in which protein supplementation or replacing urea with protein has resulted in positive effects on fibre digestion, have been conducted with medium-or poor-quality roughages (MeAllan and Griffith 1987 , McAllan et al. 1988 , Olsson et al. 1991 . The positive response to protein supplementation has been related to low rumen degradability of feed protein (e.g., fish meal, blood meal, rumen protected meals) and a more gradual release of NFI 3 -N, peptides and branched-chain VFA, allowing the essential growth factors to remain available in the rumen for a longer period of time after feeding (Hussein et al. 1991) .
On the other hand, McAllan et al. (1988) did not relate the positive effect of rapeseed meal and maize-gluten meal supplementation on rumen fibre digestion in a straw diet to differences in NH 3 -N release or differences in degradability alone. In dairy cows which were fed a grass silage-based diet, the ruminal protein degradability of rapeseed meal-based concentrate had no significant effect on diet OM or on NDF digestibility, either (Bertilsson et al. 1991) . Rooke and Armstrong (1989) concluded that the extent of stimulation on rumen microbial N synthesis achieved by rumen degradable protein in silage-based diets is dependent both on silage composition and on the synchronization of protein and energy supply. In spite of the high level of readily available carbohydrates in the supplemented diets there was a greater N loss from the rumen with the supplemented diets than with the S-diet. These losses are consistent with the higher concentrations of rumen ammonia in heifers fed the supplemented diets.
Therefore, it is likely that the supply of protein and energy to rumen microbes was better synchronized in the S-diet than in the concentrate supplemented diets. The good quality of the grass silage may have contributed to this.
Rumen degradability of feed N, measured by the nylon bag technique, was highest for the grass silage, but when the comparisons were made with the in vivo data, the rumen degradability of N was lowest for the S-diet. This discrepancy remains unsolved, but it must be noted, that the degradability of diet N in vivo was calculated by difference.
Therefore, the possible inaccuracy in measuring the microbial flow and in the assumptions for the endogenous N would be accumulated in the feed N. On the other hand, there are shortcomings in the nylon bag method, too (Varvikko and Lindberg 1985) .
Slightly higher values of NAN entering the duodenum were recorded for diets SBR and SBM than for diet SBU. The difference was not significant, however. Therefore, the hypothesis that the positive effects of protein supplements on feed intake are mediated by an increase in the amount of amino acids flowing to the intestines (Oldham 1984 , Hunt et al. 1989 could not be supported either. The possibility that the increased feed intake caused by protein feeds is mediated by an improved balance of amino acids flowing to the intestines cannot be excluded, however.
In disagreement with the figures given by ARC (1984) , the efficiency of microbial protein synthesis in this experiment was found to be higher, though not significantly, for the S-diet than for the concentrate supplemented diets (27.9 vs. 22. On the other hand, Harstad and Vik-Mo (1985) and Jaakkola and Huhtanen (1990) noticed that a small addition ofbarley to silage improved the rate of bacterial nitrogen synthesis, whereas further substitution of silage by barley gradually reduced the efficiency. One reason for the high efficiency of microbial protein production in silage feeding in the present experiment may have been the good digestibility and fermentation quality of the grass silage.
In agreement with studies on rapeseed meals with different degradabilities (Lindberg 1984) , the probable explanation for the limited sensitivity of microbial protein synthesis to a change in protein quality found in the present study may have been the high nitrogen content and degradability of the basal diet and the relatively small addition of nitrogen from the supplements; only 0.08, 0.183 and 0.188 of the total diet N originated from urea, RSM and MBM, respectively. Additionally, the differences in rumen degradability between barley and RSM or MBM were quite small.
The efficiency of microbial protein synthesis in the Nordic system is given in relation to digestible carbohydrates (DCHO, Hvelplund and Madsen 1990) . The efficiency of microbial N synthesis was 25.3 g kg' 1 DCHO for diet S and, on an average, 20.6 for the other three diets. With an average amino acid content of 70 % in microbial protein (Hvelplund and Möller 1980) , this is equivalent to a synthesis of 17.7 g microbial amino acid N kg' 1 DCHO in diet S and 14.4 in the other diets. These figures are lower than the efficiency adopted for the AAT-PBV system (20 g microbial amino acid N kg' 1 DCHO, Hvelplund and Madsen 1990) . One reason for this discrepancy may be the difference in the methods used in determining the microbial protein.
The rumen liquid outflow rate and the efficiency of microbial protein synthesis have been found to be positively related (Harrison and McAllan 1980; Lindberg 1984) . This was also the case in this study.
To conclude, the supplementation of a grass silage diet with concentrates, irrespective of their type, increased the average rumen ammonia-N concentration. Supplementation was also followed by an increase in the total VFA concentration with a lower proportion of acetate. Inclusion of concentrates in the diet had a negative effect on the digestibility of cell wall constituents. Microbial protein production and the efficiency of microbial protein synthesis were not significantly affected by the diet. Therefore, it appears that the supply of nitrogenous constituents for rumen microbes through ruminally degraded protein was adequate in silage feeding, and no extra benefit was gained by supplementation with barley and urea, RSM or MBM at the applied levels. 
